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,I. S t a t u s  Summary 

A. Introduction 

Degrarh t ian  s tud ie s  ?n c e ~ 1 ~ p h d ~ , c  sh2v:ed that ::xic;ation, ;-i:ii.hc;, ~ ' ? e : ?  
h y d r o l y s i s ,  deteiniinetl t he  decav 3 f  phys ica l  PI c:pei-ties. The per- 
manganate  method gave  t h e  b e s t  :-epraduribil i ty.  D3ta 31-1 t h e  dixen- 
sional s tab i l i ty  i n  e lec t ro ly te  at var ious temperatt ires , e lec t r i ca l  re- 
sistivity,  absorp t ion  and re tent ion of e lec t ro ly te  were  obtained f s r  
var ious  separa tor  materials. 

11. Wark  AccDrnplished Durinn t h e  Reportiny PeriDd 

A.  CelloKhane __ Degradat ion 

c 

The a lka l ine  hydro lys is  3 f  ce l lophane  i n  t h e  presence arld a b s e n c e  of 
a i r  has  been  d i s c u s s e d  in  p r c - ' ~ i o u ~  repc)rts under  t h i s  cont rac t .  In  t h e  
a b s e n c e  a i  air ,  :!IC dorJree of p3lymerizati3n af cell3,phane did no: de- 
c r e a s e  appreciably a f t e r  7 2  h3urs.  In the  p r e s e x e  si a i r ,  an i r reg i i la r  
t r e n d  x c u r r e d  in t h e  degree  3f ps lynier iza t i3n  caused  b y  l imited oxyger, 
ava i lab i l i ty .  
alkaline sa lu t ion  canta in ing  ce l lophane ,  t h e  degree af polymerizatia?r, 
shDwed a regular ,  rapid downward trend. 

However,  by  bubbling rJaseSus 2x1 g e n  thr 3ugh t h e  407'0 

In t h e  l i terature ' ,  oxidation of ce l lu l3se  by 3xygen in  a n  a lka l ine  med- 
ium is reparted t 3  proceed by a hydroperoxide-type, f ree  rad ica l  mech- 
anism, c a t a l y z e d  by meta ls  such  a s  iron, cDbalt a n d  manganese .  
t h e  other hand,  s i l ve r  is reported t o  inhibit  t h e  Dxidati3n D f  ce l lophane .  
In  t h e  l ight  of t h i s ,  experiments  have  b e e n  in i t ia ted  t o  determine t h e  
effect of z inca te  on t h e  ra te  of cel lulDse degradat ion.  

On 
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Ta measure  t h e  hydmlyt ic  e f fsc t ,  samples  af ce l lophane ,  8 1/'2 x 4 i n . ,  
were  suspended  311 a Tef1::n f r a m e  a n d  immersed in  a r e s in  ke t t l e  fi.l!ed 
wi th  31% KOH which w a s  saturated with ZnO. The ke t t le ,  f i t t ed  with a 
condenser ,  drying tube ,  and a nitrsqen bubbler w a s  p l aced  in a c3ristsnt 
temperature  ba th  at 50°C; samples  were removed a t  spec i f i ed  t i m e  per- 
i ods ,  so lu t ion  v i s c z s i t i e s  ~ b t a ~ n e d  and DP va lues  ~a l cuhed .  Under these can- 
d i t ions  the re  w a s  n3 appreqiab le  change  in  degree  af polymerization 
a f t e r  80 hDurs. San:Fies 3 f  ce l laphane  f3r t e n s i l e  s t rength  were  pre- 
pared in  t h e  same manner; t e n s i l e  va lues  exhib i ted  r3n ini t ia l  increi ise  
i n  strt.~iqt!i but n o  further change .  
of p o l y m e r i z ~ t i ~ n  arid i n  b r e a k i n g  load. 

Table I shows  t h e  c h a n g e s  i n  deqree  

TABLE J 

Time in  Haurs  Degree af Po1ymerizatic;n Breaking LDad ( l b s . )  

0 
8 
24 
3 2  
48 
56 
7 2  
80 

5 20 
50 5 
4 87 
47 8 
474 
463 
453 
4 53 

1 3  
16  
16 

17 

1 6  
16  

- 

- 

The e x p e r i n e n t s  were  r epea ted  under m i d i z i n g  condi t ions  by replacing 
t h e  n i t n g e n  wi th  3x:'gen. A marked d e c r e a s e  in  t h e  degree  D f  polymeri- 
zatiDn occurred in  t h e  fi.rst 24  h a w s .  A f t e r  48 haurs  t h e  samples  began 
t o  d is in tegra te .  Tens i l e  s t rength measurements were  made but af ter  48 
hour s ,  t h e  samples were  sufficiently degraded t D make t e n s i l e  measure- 
men t s  impract ical .  'Table I1 shows t h e  changes  in  degree  of polymeriza-- 
t i o n  and  breaking l m d .  
polymerizatiDn of cell:>phdne in  i:inc sa tura ted  e l ec t r a ly t e  ucder  nitragen 
a n d  under  oxygen. 

Figure I shaws t h e  d e c r e a s e s  in  t h e  degree  of 

- 2- 
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TABLE I1 

Cel lophane  Hydrolysis with G a s e o u s  Oxygen 
i n  3 1% KOH - ZnO Satura ted  

T i m e  i n  Hours Degree of Polymerization Breaking Load (lbs.)  

0 
8 
24 
48 
56 
7 2  

5 20 
46 1 
342 
2 6 2  
23 5 
214 

13 
1 3  

8 
- 

.- 

Additional experiments a r e  under way t o  examine t h e  concentratiDn effects 
of bo th  z i n c a t e  a n d  a lka l i .  

B .  Oxida t ion  Test 

Oxida t ion  r e s i s t a n c e  of s epa ra to r  mater ia l s  w a s  s tud ied  i n  t h e  p re sence  
of sodium hypochlorite,  g a s e o u s  oxygen a n d  potass ium permanganate.  
The po ta s s ium permanganate methDd w a s  found t o  be  t h e  most reprDducible 
a n d  a p p l i c a b l e  t o  a l l  s epa ra to r  mater ia l s  under s tudy .  

Samples  3 x 2 in.  were  dried i j  zs,r;star?t wel9ht a n d  t h e n  immersed in  a 
so lu t ion  of 250 m l  5% KMn04 a n d  50 m l  2570 NaOH for 1 hour at 50°C. 
(The procedure is g iven  i n  d e t a i l  in  t h e  previous r e p m t ,  ESB Report ND.  
7054.3) S i n c e  t h e  ce l lophane  s a m p l e s  were  virtually des t royed  under 
these condi t ions ,  t h e  temperature w a s  reduced  t a  25OC for c e l l u l o s i c  
f i l m s .  
i n  weight  be tween  t h e  original a n d  t h e  f ina l  weight ,percentage  
r e c  Drded, 
permanganate  oxidation test for t he  separa tor  mater ia l s  tested t o  date. 

The sample  w a s  a g a i n  dried t o  cons tan t  weight a n d  frorn t h e  difference 
l a s s  w a s  

The following table summarizes t h e  r e s u l t s  of t h e  potass ium 

-3-  
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TABLE III 

Oxidat ive Resistance in KMnOI at 5OoC for 1 hr. 

Materia 1 

C e 11 o phane PU DO- 3 0 0 * 
Cel lophane  PUDO- 600 *: 
Cel lophane  140-PUT-7 6* 
Cel lophane  G e l  Film" 
Fibr. S a u s .  C a s i n g  
Si lvered Saus .  C a s i n g  
Permion 300 
Permion 600 
Polypor WA 
Mipor l2CN 
Mipor 13CN 
Mipor 34CN 
Mipor 34PN 
Cel lophane  11 1- 1:; 
Cel lophane  11 1- Z* 
Acropor WA 

Percent wt  loss  

69 
63 
9 2  
95  
38 
31 
23 
41 
7 
1 . 2  
0 .8  
1 .5  
0 .9  
3 2  
60 
0 

Test run at 25OC for 1 hour 

C .  Gel lophane ModificatiDil 

BecaLise of its polyhydric dlc3h31 s t ructure ,  ce l lu lose  is extremely sen- 
s i t i v e  t~ :)xidatiDn, i n   he presence af a lka l l .  This oxidation tendency  
sh3iild b e  :r:i--iblted b:~ b ir,g the  s ens i t i ve  groups,rendering them less 
h ~ s z r p t l b ~  t: 3ttar.;.* 

; .;! t partiallc Jxidized and c J n t a i n  therefore both carboxyl  
,,.,ups. Cdt iz~ns  car, b e  baui?d t o  cel lulDsics  thiough the i r  

-5 t l! iT,,  rt;dox t vpe  p3Iyilierization can be in i t ia ted  at  t h e  slte af 
.e iunc:ianal . j r , u p s .  After t he  ca:iDns a i e  b3und within t h e  

- .I - 
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Grafting of olefin polymers onto ce l lu lose  molecules by uti l izing t h e  
ion  exchange  capac i ty  of t he  ce l lophane  functional groups' w a s  ini- 
tiated i n  an attempt t o  i n c r e a s e  t h e  r e s i s t a n c e  of ce l lophane  t o  oxi- 
dation. 

Previously weighed  ce l lophane  strips were  immersed i n  a . 1% FeS04. 
(NH4)f i04  solution for 5 minutes and t h e n  w a s h e d  t o  remove t h e  un- 
combined  iron. They were  then  p laced  i n  a 1 %  HzOt  so lu t ion  for 1 
second.  The fi!.ms were  immersed in refluxing 5% aqueous  acrylonitri le 
so lu t ion  for varying lengths  of time. Upon removal from t h e  solution, 
t h e  f i l m s  were  ex t rac ted  with dimethyl formamide t o  remove non-grafted 
polyacrylonitri le a n d  t h e  weight i nc rease  measured. 
a n d  e l ec t r i ca l  r e s i s t a n c e  were also measured. The r e su l t s  a r e  g iven  in 
Table IV. 

._-___-_I.. ~ 

Oxidation r e s i s t a n c e  

I n  other experiments,  methacrylis _acid monomer w a s  used .  
cedure  d i f fe red  i n  tha t  t h e  hydrogen peroxide w a s  added t o  t h e  reflux- 
ing  monomer so lu t ion  before t h e  conditioned f i l m  w a s  dropped in to  t h e  
solution. SO4 
so lu t ion  a n d  washed  with d i s t i l l ed  water. They were  dropped in to  200 
m l  .00370 H202 solution containing 10 m l  methacrylic acid. The f i l m s  
w e r e  removed af te r  spec i f i ed  t ime periods a n d  ex t rac ted  with methyl 
e t h y l  ketone t o  remove any non-grafted polymethacrylic acid. Weight 
i n c r e a s e  w a s  measured as we l l  as oxidation and  e l ec t r i ca l  r e s i s t ance .  
lhese re su i i s  Sie G ~ S S  shswr! i n  Table IV. 

The pro- -----. ...-- 

Cel lophane  f i l m s  were  s t eeped  i n  a . 1 %  FeSO,. 

r 1  

Mate r i a l  
TABLE IV 

Percent wt.  i nc rease  Percent wt.  L o s s  R e  s is t a n c  e 
i n  KMn04 a t  2 5 O C  OHMS for 

for 1 hr. sq. in. 

Ce l lophane  300-PUDO 0 6 9  .0098  

Cel l  ophane  3 0 0- PUDO- 
P 01 y a m y l  onit ri 1 e 85 

Ce l lophane  3 00 -  PU DO 
Pa 1 j r  m e t  h ac ry li c Ac i d 1 0 

41 

68 

. 0 8 3 3  

. O i ' q h  
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The fi lms treated with methacrylic a c i d  showed no subs t an t i a l  weight 
increase. Polymerization of t h e  methacrylic a c i d  monomer solut ion 
occurred very rapidly a n d  could not be l imited t o  t h e  grafting sites. 
ce l lophane  f i l m s  had  t o  be removed before they  became excess ive ly  coat-  
ed with polymethacrylic acid, caus ing  embrittlement of t h e  fi lms after ex- 
t rac t ion ,  
mediate va lues  of grafting t h u s  accounting for t h e  small inc rease  in  weight 
of t h e  fi lms. 

The 

Contac t  t i m e  could  not b e  control led suff ic ient ly  t o  g ive  inter- 

In t h e s e  preliminary experiments ,  polymerization w a s  not confined t o  t h e  
grafting site but homopolymerization a l s o  occurred, resul t ing in  t h e  coat-  
ing of t h e  sample  at longer react ion t i m e s .  Experimental condi t ions wi l l  
b e  modified t o  permit adequate  control of the  react ion.  

D. Diffusion Rate of Si lver  Ions 

Experimental work w a s  in i t ia ted  t o  s tudy the  d i f fus ion  ra te  of s i l ve r  i ons  
through t h e  var ious s e p a r a t x  materials.  
bo th  compartments of a diffusion ce l l  with 3170 KOH, adding t o  one compart- 
ment s i lver  i ons  i n  form of AgN03 sDlution, tagged  with 1 micro-curie Ag 
110, (obtained from t h e  Oak Ridge National Laboratory) t h e n  determine 
t h e  r a t e  at which the  radioactivity diffused into t h e  other compartment 
through t h e  var ious separator  materials. 

The method c o n s i s t s  i n  f i l l ing 

The cell is shown in  Figure 2 a n d  in  Photographs No. I a n d  2. It con- 
sists of two compartments,  machined from cast poly (methyl methacrylate) 
rod. A specimen,  1.5 in.  i n  diameter,  is cut  with a steel d i e  from t h e  
membrane t o  b e  tested. The specimen is clamped, together  with a rubber 
g a s k e t ,  between t h e  two compartments Df the  cell. The g a s k e t  seal around 
the edge  of t he  membrane w a s  found t o  b e  leakproof in a test i n  which  non- 
porous polyethylene f i l m  w a s  subs t i tu ted  for  t he  separator  sample: 
hours ,  less t h a n  0.1% of the  radioact ive s i lver  originally present  had leaked  
through t h e  seal. 

i n  114 

The d i f fus ion  r a t e  w a s  determined by withdrawing, at su i tab le  intervals  
from zero  t i m e ,  1 ml.  samples  of t h e  solut ion from each  compartment and  
measuring t h e  radioactivity of each  sample,  using a gamma sc in t i l l a t ion  
counter  (Atomic Instruments Co. , Cambridge, M a s s . )  

- 6- 
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Experimentally, t he re  were  t w o  problems tha t  appea red  when t h i s  
method w a s  u s e d  in t e s t i n g  cellophane. 

It w a s  found tha t  a la rge  fract ion of the radioact ive s i l ve r  w a s  depos i t ed  
3n t h e  wa l l s  of t h e  cell, making it unavai lable  for diffusion. Different 
methDds of preparing t h e  t r ace r  solution wi l l  b e  s tudied.  

Another problem is t h e  chemica l  react ion which appea r s  t o  occur between 
t h e  d i s so lved  s i lver  a n d  t h e  cel lophane.  
lose and  is reduced t o  metal. It depos i t s  i n  t h e  ce l lophane  at s u c h  a 
ra te  t ha t  very little rad ioac t ive  s i lver  remains i n  so lu t ion  a f te r  one t o  
I V J ~  d a y s  while  s ca rce ly  any is de tec tab le  in t h e  ini t ia l ly  non-radioactive 
J zrnpartment. 
T h i s  o b s e i v a t i m  confirms Prof. Di rkse ' s  f indings , namely, t ha t  the 
-ell.;phane t raps  t h e  s i lver  ions and  does  s o  with almost  100% eff ic iency.  
i'he da t a  l i s t e d  in Table  V i l lus t ra tes  t h e  piob!em. 

The s i lve r  ox id izes  t h e  cellu- 

Thus,  membrane react ions rather t han  diffusion t a k e s  place.  

TABLE Va 

Di f f 3 s i 3n t hr 3 ugh C e 11 3 pha n e 

; . ! I . - .  'I 1;; s> Compartment I Compartment I1 70 af t o t a l  
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The appara tus  u s e d  in our measurements is shown in Figure 3. It con- 
sists of a .070”ID (. 178 cm) r i se r  rube, a s p e c i a l  polyethylene separator  
holder which  exposes  a 1 c m  diameter opening for t h e  electrolyte  flow 
and a meter s t i c k  assembly.  An e s sen t i a l  precaution i n  using the  appara- 
t u s  is t h a t  t h e  change  i n  t h e  l iquid level  i n  t h e  beaker  b e  very small dur- 
ing flow. 

The equat ion appl ied  was: 

These parameters have  t h e  following meaning: 

r = radius  of pore. 

H = original height of e lectrolyte  i n  r i s e r  t ube  above separator ,  
at start of t imed flow period. 

h = f ina l  height.  

a = Cross sec t iona l  a r ea  of r i se r  tube. 

A = Exposed separator  c r o s s  sec t iona l  a rea .  

p = Viscosity of electrolyte.  

p = Densi ty  of e lectrolyte .  

g = Gravi ta t ional  cons tan t ,  980 cm/sec 2 

t = Fal l  t i m e  in  seconds .  

The parameter which is most difficult t o  measure prec ise ly  is B ,  t h e  to t a l  
pore volume/unit surface. 
by soaking  separa tors  i n  water  and measuring the  ga in  af ter  blotting t h e  

4 CDmmonly, t h i s  h a s  been  measured in t h e  past 

- 9- 
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E - - L - separator free of excess water. It has been shown previously by 
Chreitzberg' and confirmed i n  a se r i e s  of experiments discussed a lit- 
tle la te r  in  t h i s  report, tha t  a more accurate measure  of t h e  to t a l  poro- 
s i ty  is abtained by soaking t h e  separator mater ia ls  i n  e lec t ro ly te  and, 
a f te r  allowing them t o  a i r  drip for 1 minute, blott ing t h e  bottom edge  
only before weighing 

- 

- 
- I 

For t h e  particular appara tus  used and with 31% KOH as t h e  electrolyte ,  
equa t ian  [ 11 c a n  b e  simplified a s  follows: 

[2a] a 8 p, = . 0 2 5  cm (8) ( . 0 2 2  gm/cm-sec) 
(980 crn/secL) 1.30 m 

c m  93 A g,- ,785 cm2 

-6  
= 4 . 4  x 10 cm-sec 

a n d  

[Zb] r 2 = 2.3 log 5 L2 [4.4 x 10-6cm-sec] 
h Bt  

when t h e  parameters i n  [ Zb] are in  the  following Units: 

h,  H i n  c m ,  

L = t h i ckness  of s e p .  in c m ,  

2 B = pore volume/unit surface,  in  cm3/cm 

t = t ime, s ecsnds :  then 

r will  be  in  cn:. 
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The v a l u e s  h t a i n e d  shsw g3c,d experimental  carrelat ion as  shown in  
Table  VI. 

TABLE VI 

Values D€ Separator PDr3sity 

A) Synpsr  (. 02 cm t h i ck )  

2 )  TvV a t e r Ab s 3 1- pt i an A4 et h 3 d 
3) Vv’ate! absDrptiDn Methsd 
4) W a t e r  Abs9rpti;n Mcth3d 

1) .277 2.8  

5) .277 i . 5  - 

. I . * I _  --I Pwosi tv  cs- i i n * a  cc I V l e L I I J u  
2 PDre CC Super- Pore  c m  

ficial Val. Surface 

. 7 7  . 0 157 mercury 3sim 

- 8 1  

.0166 battom blDt 

.0!63 sur face  blot 

. 0 1 5 5  

. 0 1 6 2  (equat ion 3 )  

air  dry 1 min bDtt3m 
bl3t 

t 
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(TABLE VI Cont.) 

lu% pTrue Pore Vol (Gh) Porosity cc "B" cc Method 
s d c c  gm/cc cc/gm Pore cc Super- Pore cm2 

ficial Vol. Surface 

B) Acropor WA (. 01 c m  thick)  
1) .526 1.41 - .61 .0061 equat ion 3 
2) .20  .0020 wate r  absorpt ion 

4) .526 
.50 . 00 50 e lec t ro ly te  absorpt ion 

1.03 . 5 4  .0054 mercury porasimeter - 3) 

The pore size dis t r ibut ions for Synpor and  Acropor WA were t aken  on 
t h e  dry material  by mercury porosimeter. 
Figures  4 and  5. The va lues  obtained for t h e  e lec t ro ly te  flow through 
Acropor WA a r e  plotted in  Figure 6 a s  log H/h v s .  t ime.  The straight 
l ine  ind ica tes  t h e  da ta  were obtained (as needed) in t h e  v i scous  flow 
region. 
Equation Zb w a s  used  t o  ca l cu la t e  "r". 

The resu l t s  a r e  shown i n  

The ca lcu la t ions  for t h e  average pore s i z e  a r e  given i n  Table VII. 

TABLE VI1 

~ Calcula t ions  ~ ____ for Average Pore S ize  

M-a t e ria 1 Synpor Acropor WA 

. o z  

. 0 1 5 7  
' 3 0 1  

. 0 1  

. 0 0 5  

. 1 7 5  
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Data are now being Omined with the other separator materials under 
test. Values for maximum pnre size will also be calculated. 

F? 
l"ip r. 
$ 

F. Dimensional Change  Measurements  

Tables  showing t h e  dimensional changes  on prolonged immersion i n  
e lec t ro ly te  were a t t ached  t o  t h e  previous report (3rd Quarterly Report, 
ESB No. 3,  Tables 8 through 10). The data were incomplete  at t h e  time. 
Additional da t a  on dimensional  changes  have  been  secu red  a n d  a r e  con- 
t a i n e d  in  Tables  8, 9 a n d  10 of the current report. For ease of compari- 
son, these t a b l e s  repeat t h e  pertinent data for ce l lophane  PUDO-300 (for 
comparison with t h e  same cel lophane,  impregnated with m-phenylene 
diamine) a n d  for Permion 300 (for comparison with other polyethylene 
b a s e d  materials, t h e  PMA's). 

F. Summary of t h e  Work t o  Date  

- The bench  t e s t s  which had  been se l ec t ed  have proved t o  b e  va luable  too l s  
for screeninq  separa tor  materials.  In t h e  aggregate ,  they permit con- 
c l u s i o n s  t o  b e  drawn regarding t h e  probable sui tabi l i ty  of any  spec i f ic  
material. 

Twenty-six different separator  materials were compared. Some of t h e s e  

experimental  da ta  covering electr ical  r e s i s t a n c e ,  e lec t ro ly te  absorpt ion 
a n d  retent ion,  t e n s i l e  s t rength,  dimensional s tab i l i ty  a n d  oxidation re- 
s i s t a n c e  in  the  battery environment, l ead  t o  the  following conclusions:  

were  commercial  products,  nthers were of a n  experimental  \ nature. The 

1. 
niat er inls  cDnsidered, coupled  w i t h  the highest  va lues  for e lectrolyte  
+.!: 531  g?.ia,n and retention. 
&>par +rid l h ? y  unc?ergo c -qs ide rab le  t h i c k n e s s  swel l ing in  the electrolyte .  

The cel lulDsics  have  the  lowes t  e lec t r ica l  res is t ivi ty  of all t h e  

However, the i r  Dxidation r e s i s t ance  is very 
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3. One of t h e  experimental  ce l lophanes  (DuPont No. 111-1) shows 
some improvement when t h e  ce l lu lose  was l inked with epoxy compounds. 
Both oxidation l o s s  and swelling i n  e lectrolyte  a re  reduced while  t h e  
e l ec t r i ca l  res i s t iv i ty  is only s l ight ly  increased  over conventional cel lo-  
phane; t h e  electrolyte  absorpt ion and  retention va lues  a r e  lower, as ex- 
pected,  but t h e  reduction is not too  ser ious.  Cross-linking appears  t h u s  
t o  hold some promise as a means for up-grading of cellophane. 
approach is therefore  being pursued further. 

This 

4. Permion 600, which is descr ibed  as  a modified ce l lu los i c  material ,  
h a s  a somewhat bet ter  oxidation res i s tance  but t h e  res i s t iv i ty  is  apprec- 
iably higher and  t h e  absorption and  retention va lues  a r e  lower than  in  
unmodified ce l lu lose  separat  ms. 

5. 
phane in  its low e lec t r ica l  res is t ivi ty .  
s iderably higher and  its dimensional s tabi l i ty  i n  e lectrolyte  is a l s o  
markedly better.  However, its electrolyte  absorpt ion and  retention is 
sharply reduced, compared with cellophane. 

Of t h e  non-cellulosic mater ia ls ,  Acropor WA comes c l o s e s t  t o  cel lo-  
I ts  oxidation r e s i s t ance  is con- 

- 
- 
- 
- - 
~ 

__ 
- 

~ 6 .  The PMA membranes which a r e  made by polymerizing and cross-link- 
ing methacrylic acid an a microporous polyethylene base a l s o  couple  good 
oxidation r e s i s t a n c e  with reasonable  e lec t r ica l  res is t ivi ty .  Both proper- 
ties a r e  dependent on the degree of cross-l inking. 

7. One of t h e  Mipor samples ,  i. e. Mipor 1 3  CN,  a microporous poly- 
e thylene  of high porosity, is even  be t te r  in  oxidation r e s i s t ance ,  i n  fact, 
its oxidation loss is negligible. T h i s  is coupled with a n  e lec t r ica l  re- 
s i s t i v i t y  which is only very little lower than that of Acropor WA. Hbwcsver, . 
while its electrolyte absorption and retention va lues  a r e  bet ter  than  th’jrse 
of Acropor WAJ they  are still very much lower than  t h e  correspondiIig values 
for cel lophane.  

8. Permion 300 whlch has also a polyetblens as 90Qd electrolyte 
i a ~  and retention chiiracteristics. Its 
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9.  The AMFion membranes have such high e lec t r ica l  r e s i s t i v i t i e s  that  
they  cannot  be considered a s  sui table  separator  materials.  

Future Work 

Based on t h e  information derived from t h i s  test program, two approaches 
t o  improved separator  mater ia ls  have emerged: 

a. S ince  ce l lu los i c  materials have  proved sa t i s fac tory  in  most other 
r e s p e c t s ,  ways  must b e  sought s o  t o  modify t h e  ce l lu lose  molecule 
as t o  improve drast ical ly  its chemical s tabi l i ty ,  particularly its re- 
s i s t a n c e  t o  oxidative degradation. 

b. A second approach must start with those  materials which‘ have proved 
highly r e s i s t an t  t o  chemical  degradation but which a re  def ic ient  e i ther  
in  e l ec t r i ca l  res i s t iv i ty  or in the i r  abil i ty t o  absorb  a n d  re ta in  t h e  electro- 
lyte.  Either chemical  or phys ica l  modifications, or combinations of both,  
a r e  indicated.  

Work along both t h e s e  l i nes  is being ac t ive ly  pursued. Various monomers 
have  been  graf t  polymerized onto the  ce l lu lose  molecule; means of cross-  
l inking a re  a l s o  being explored. Ways  t o  modify oxidation res i s tan t  poly- 
mers s o  as  t o  improve the i r  e lec t r ica l  r e s i s t ance  a re  being invest igated.  
A l l  new or modified mater ia ls  are and wil l  b e  eva lua ted  by t h e  methods 
wh ich  have  been descr ibed  above. 
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PORE DIAMETER TEST ASSEMBLY 

Figure 3 

hl -I------ Liquid Level at t i m e  t 

Lucite Support for Riser 
Tube threaded to  

I-- -* 

/ 

/ connect with 
I r --Lucite Separator Cap 

I 
/ I  for holding separator 'o; 

/ I tightly in  place. , /' 
,' I 

0 / I  f l  
I ,-- -o-- ---' / 

/ 

H - --- - - - - --_ Initial Liquid Level 

- ---Meter Stick - - - - -_ -  
Capillary Riser Tube 
1.78 mm ID uniform bore 

Cross- se tional area 

-- -- - - - -- - -- 

E i o f a = r r r  

Cross-sectional area 
of exposed separator I 

Notes: 1. Volume of beaker must be large enough 
s o  that flow of liquid into beaker 
through separator does not alter the 
liquid level in the beaker significantly. 

2 .  Air bubbles below separator mus t  be 
displaced carefully. 
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